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An in vitro transcription system utilizing isolated mitochondria has been used to study the effect of chronic ethanol consumption on liver 
mitochondrial DNA tran~-.ription. The results obtained showed an overall increase of RNA synthesis and a dramatic accumulation ofa discrete 
polyadenylated RNA species. This effect is a consequence of the chronic ethanol consumption since these changes do not occur when isolated control 
mitoehondria are incubated in the presence of ethanol. 
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1. INTRODUCTION 
The depression of oxidative phosphorylation ob- 
served in mitochondria from ethanol-fed rats may be a 
fundamental factor contributing to ethanol-induced 
liver damage [1-4]. This impairment of the liver mito- 
chondria energy metabolism could in turn be due to the 
decrease of the mitochondrial translation ability elicited 
by chronic ethanol consumption [5,6]. Evidence has 
been presented suggesting that the ethanol-induced le- 
sion in mitochondrial translation could be the result of 
a reduced number of functional ribosomal particles in 
the raitochondria from ethanol.fed rats [7]. 
We have initiated studies to establish the effect of 
chronic ethanol consumption on liver mitochondrial 
DNA (mtDNA) transcription as assa~,ed in vitro, using 
isolated organeiles. In this respect, it has been reported 
previously that incorporation of [=)~P]UTP into total 
RNA of' isolated mitochondria from ethanol-treated 
and control rats was not significantly different [7]. In 
this work we have undertaken a comparative study of 
the oligo(dT)-cellulose-bound and unbound discrete 
RNA species ynthesized in isolated mitochondria from 
control and ethanol-fed rats. The results obtained 
showed a dramatic increase of a discrete RNA species 
separated into the oligo(dT)-bound fraction. This eflL~et 
is a consequence of the chronic ethanol consumption 
since isolated control mitochondria incubated in the 
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presence of ethanol did not increase the in vitro synthe- 
sis of that polyadenylated RNA. 
2. MATERIALS AND METHODS 
2.1, Animal treatments 
Male Wistar mrs Initially weighing 150-250 g were fed for 31 days 
with an adequate diet in which ¢tha,aol provided 36c~ of the total 
calories [8], Control rats warn pair-fed with the same diet in which 
ethanol was isocaloricaily replaced with maltose/dextrin. 
2,2. Isolation of rat liver nitoelmndria 
The livers of rats killed by decapitation were rapidly removed, 
chilled in homogenization medium (0.32 M sucrose, l mM K-EDTA, 
10 ram Tris-HCl, pH 7,4) and finally chopped with scissors. All far. 
thor operations were carried out at 2--4°C using sterile solutions and 
glassware, The minced tissue was resuspended in the same medium 
(approsimatdy 4 ml/g of tissue) and homogenized in a loose.fining 
Pottcr-EIvejhem homogenizer by using 4 up-and-down strokes. The 
homogenate was spun at 1,000 x g for 5 min. The supematant was 
aliqaoted in microfuge tubes and centrifuged at full speed (13,000 x 
g) for 2 rain in a MSE microfug¢. The mitochondrial pellets were 
washed twice in homogenization buffer and pelleted. Finally, the mito- 
chondrial pellet was resuspended in the appropriate incubation buffer 
(sec below) and spun for 1 rain. The nuraber of washes employed in 
this preparation eliminate contaminating cytoplasmic RNA (esti- 
mated by t he absence of 285 and 185 cytoplasmic rRNA in the electro- 
phoretic patterns), and minimized the possibility that any ethanol 
present in the liver of the rat at the time of sacrifice remained in the 
mitoehondria upon isolation. 
2.3. /h vitro labeling atcd izolalfon of mitochondrial nucleic acids 
Samples of the mitochondrial fraction (1 m8 of mitochondrial pro- 
tein) were resuspended in 0.5 ml of incubation buffer which contained 
25 mM sucrose, 75 mM sorbitol, 100 mM KCI, l0 mM K:HPO+, u.05 
mM EDTA, 5 ram MgCI:, 1 mM ADP, 10 mM glutamate, 2.5 mM 
malate, [0 mM Tris-HCl, pH 7.4, i mg of bovine scram albumin 
(BSA) per ml and 20/zCi of [erJ2PIUTP (400-600 Ci/mmoi) in micro- 
fuge tubes [9]. Incubation was at 37"C for 60 rain in a rotary shaker. 
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ARer the incubation, the mitoehondrial samples were pelleted at 
13,000 x g for I rain and washed twice with 10% glycerol, 10 mM 
Tris-HCl pH 6,8, 0,15 mM MgCI.,. Lysis ofmitochondria and nucleic 
acid cztraction were carried out as described by Attardi and Montoya 
[10], The total mitochondrial RNA fraction was fraetionated by 
oliso(dT).c.ellulose chromatosraphy and analyzed by electrophoresis 
through 1,4% agarose slab sels in the presence of deionized CHsHgOH 
[10,11], After the ran, for analytical purposes, the gels were first 
stained with ethidium bromide, photosraphed under UV light and 
then dried and exposed Ibr autoradiography at -70°C, Quantification 
of the amount of mtDNA or RNA was carried out in the ethidium 
bromide stained gels and in the autoradiograms respectively, u~ins a 
LKB Ultrosean XL  laser dgnsitometgr and a Gd Scan XL  software. 
Protein concentration was determined by the Waddel method [12], 
3. RESULTS 
Isolated liver mitochondria from control and etha- 
nol-fed rats were incubated in the presence of [~- 
s-'P]UTP in a KCl-containing buffer with an energy sup- 
plying system consisting of I mM ADP plus oxidizable 
substrate. This incubation system has been proved to 
support in vitro DNA transcription and RNA process- 
ing of brain rnitochondria n a way that closely resem- 
bles the in rive process [9]. In this system, the incorpo- 
ration of [cx-3'-P]UTP into total RNA was slightly but 
significantly higher in ethanol than in COlttrol mitochon- 
dria as estimated either by determination f the radioac- 
tivity incorporated or by densitometric analysis of the 
gels (Table I). On the other hand, the content of 
mtDNA, quantified from the ethidium bromide-stained 
gel (not shown), was significantly lower in ethanol than 
in con:tel mitoehondria (Table I). This observation 
would mean that the transcriptional ctivity per mole- 
cule of mtDNA would be very significantly increased in 
isolated ethanol mitochondria with respect to that of the 
control organelles. 
The in vitro synthesized RNA was fractionated 
through oligo(dT)-cellulose and analyzed by electro- 
phoresis in agarose-CHsHgOH slab gels. Fig. 1 shows 
the electrophoretic patterns of the newly synthesized 
total (lanes a and f), oligo(dT)-cellulose-bound (lanes c 
and d) and -unbound RNA (lanes b and e) fractions of 
control and ethanol mitochondria ncubated under the 
experimental conditions described above. In these pat- 
terns it is possible to recognize the characteristic set of 
transcripts previously described in HeLa cells [13,14] 
and brain mitochondria [9,15]. Therefore, the RNA spe- 
cies were designated according to Amalric et el. [13] and 
Montoya et al. [14]. The inspection of the gels clearly 
reveals the appearance of a very pronounced RNA 
band in the total RNA from ethanol mitochondria (lane 
f), located between the bands corresponding to RNA 5 
and RNA 7-9 (the width and shape of the band would 
suggest hat it could be a doublet). This band, named 
ES in Fig. i (ES, for ethanol stimulated) was mostly 
found in the oligo(dT)-cellulose-bound fraction (lane d), 
therefore corresponding to a polyadenylated RNA spe- 
cies. Densitometric quantitations of the autoradiogram 
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Fig. 1. Electrophoretic patterns in agarose.CH~HgOH slab gels of 
liver mitoehondrial RNA synthesized in isolated organelles from con- 
trol (lanes a--c) and ethanol-fed (lanes d-f) rats. Lanes a and f, total 
RNA; lanes b and e, oligo(dT).ccllulose-unbound RNA; lanes c and 
d, oligo(dT)-cellulose-bound RNA. Equivalent amounts of material 
were run in the lanes that correspond to the same RNA fraction of 
control and ethanol mitochondria, 
in Fig. 1 showed that the relative labeling of this band 
was more than nine times higher in isolated ethanol 
than in control mitochondria. The labeling of the other 
RNA bands was only slightly higher in ethanol than i
control mitoehondria (data not shown). 
In order to study if the increase in the labeling of 
RNA ES could be produced irectly by ethanol~ iso- 
lated mitochondria were incubated in the presence of 
various ethanol concentrations (0-0.5%) in the incuba- 
Table I 
Mitochondrial [~"P]UTP incorporated Mitochondrial 
source into RNA DNA 
d.u, 
cpm x 10 -s d,u, 
Control 86.3 ± 3.2 26,8 _ 2.2 0.15 ± 0,019 
Ethanol 100.6 :l: 2.6 31,8 ± 1.5 0.08 ± 0.0010 
,% of control 117 118 58 
d.u., densitometric units, determined from the autoradiograrns (RNA) 
or tile ethidium bromide stained gels (DNA). The values, expressed as 
x m8 -~ of mitochondrial protein, are mean ~: S.D. of thr~ experiments. 
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Fig. 2. Synthesis of RNA in isolated liver mitochondria from control (panels A and B) and ethanol-fed (panel C) rats in the presence of ethanol. 
Autoradiograms after elcetrophoresis through agarose.CH~HgOH slab gels of the total RNA labeled with [¢-:3P]UTP in the absence (lane a) or 
presence of 0.1 (lane b) and 0.5% (lane c) ethanol in the incubation medium. Panel B, electrophoretic pattern~ of the oligo(dT)-¢ellulose-unbound 
(lane d) and -bound (lane e) RNA synthesizexl in isolated control mitochondria n the presence of 0.5% ethanol. Panel C, oligo{dT).cellulose- 
unbound (la,~e g) and -bound (lane f) RNA synthesized inisolated mitochondria from ethanol-fed rats in the pre~enc¢ of0.5% ethanol. Equivalent 
amounts of material were run in lanes a-c, in lanes d and g, and in lanes ¢ and f. 
tion medium. As shown in Fig. 2, lanes a--c, this addi- 
tion produced an overall decrease of the labeling of the 
newly synthesized RNA (mainly at 0,5% ethanol) and 
did not increase the labeling of the RNA ES. In Fig. 2, 
panel B the electrophoretic patterns a e also shown of 
the oligo(dT)-cellulose-bound (lane e) and unbound 
(lane d) RNA of isolated control mitochondria ncu- 
bated in the presence of 0.5% ethanol. On the other 
hand, the addition of 0.5% ethanol to the in vitro incu- 
bation system of isolated ethanol mitochondria did not 
diminish the labeling of the RNA ES (Fig. 2, lanes land 
g). 
4. DISCUSSION 
The results presented here are somehow contradic- 
tory to those of Coleman and Cunningham [7] who 
reported that there were no differences in the in vitro 
transcription of isolated liver mitochondria from con- 
trol and "1" - " emaiiol-ied rats. In such a report, m vitro 
mitoehondrial transcription was carried out under the 
incubation conditions previously employed with iso- 
lated mitoehondria from HeLa cells [16]. However, we 
have recently shown that these incubation conditions 
result in an inefficient in vitro RNA synthesis by iso- 
lated mitoehondria from mammalian organs [9]. The 
stimulation of the synthesis of RNA ES by isolated liver 
mitochondria of ethanol-fed rats appears to be due to 
an in vivo effect elicited by chronic ethanol consump- 
tion. This conclusion can be drawn from the observa- 
tion that the presence of ethanol in the in vitro tran- 
scription system did not stimulate the synthesis of RNA 
by isolated control mitoehondria. Moreover, at the 
same ethanol concentration an important decreasing 
effect on the overall transcriptional ctivity of control 
mitochondria was observed (Fig. 2). In this respect the 
increased transcriptional ability observed in ethanol mi- 
tochondria (Table I) could therefore be interpreted as
an adaptation response to the chronic ethanol con- 
sumption. 
Judging from the estimated size of RNA ES (approx- 
imately 1940 nt), this RNA could correspond to the well 
eharaete.~.zed polyadenylated RNA 6, precursor of the 
mRNA 9 that codes for the subunit I of cytoehrome c 
oxidase (CO1). However, previous hybridization studies 
carried out to identify the RNA species ynthesized in
287 
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isolated mitochondria (unpublished results) have shown 
that this band hybridized not only with the COI gene 
probe but with the genes coding for 12S and 16S 
rRNAs. Judging from the size corresponding to the 
position of the band, this RNA cannot contain the three 
genes; therefore, as mentioned before, the band could 
be a doublet consisting of RNA 6 and an RNA contain- 
ing the 12S rRNA and part of the 16S rRNA sequences. 
A premature termination of  the mtDNA transcription 
within the 16S rRNA gene could account for the synthe- 
sis of such an RNA species. A similar premature termi- 
nation event has been described in HeLa cells mitoehon- 
dria producing a polyadenylatcd RNA (RNA 16a) that 
correspond to part of the sequence of 16S rRNA [17]. 
This suggestion would imply that the reduction of func- 
tional liver mitochondrial ribosomes elicited by chronic 
ethanol consumption [7] could be somehow produced 
by a defective transcription and processing of the 
rRNAs. Whether the RNA ES band could correspond 
to a polyadenylated RNA transcript containing 12S 
rRNA and part o f  the 16S rRNA sequences or to the 
precursor of  the COI  mRNA (RNA 6) requires further 
investigation. In any case, the accumulation of RNA ES 
in isolated ethanol mitochondria is the consequence of 
an in vivo event that cannot be reverted by the addition 
of  ethanol in vitro (Fig. 2). 
The results described here clearly show that some 
impairment of the liver mitochondrial transcription 
takes place in ethanol-fed rats. This impairment could 
to some extent be responsible for the liver damage ob. 
served in chronic ethanol consumption, 
Ackno~vtedgemenls: Thi  work was supported by research grants from 
the Spanish Direeci6n General d  InvestigatiOn Cientifica y T~eniea 
(DGICYT Nos, PB86-0515 and PB90-0915) and a Fellowship from 
Diputaei6n General de Arag6n (J,A,E,). 
LETTERS June 1992 
REFERENCES 
[I] Thayer, W,S, and Rubin, E, (1979) J, Biol, Chern, 254, 7717- 
7723. 
[2] Bottoms, R,E,, Spaeh, R,I., Filus, S, and Cunningham, C,C. 
(1982) Biochem. Biophys, Res, Commun, 1050 1373-1386, 
[3] Arai, M,, Gordon° E,R, and Lieber° C.S, (1984) Biochim, Bio- 
phys. Aeta 797, 320-327, 
[4] Cunningham, C C. Coleman, W,B, and Spaeh, P.L 0990) Alco- 
hol and Alcoholism 25° 127-136, 
[5] Coleman° W.B, and Cun'fingham, C.C, (1990)Bioehim. Biophys. 
Acla 1019. 142-1S0, 
[6] Bernstein0 J,D. and Pennialli, R, 0988) Alcoholism Ctln, Exp. 
Res, 2° 301-310. 
[7] Coleman, W,B. and Cunningham, C.C, (1991) Biochim. Biophys. 
Acta 1058, 178-186, 
[8] Decarli, L,M. and Lieber, C.S, 0967) .1. Nutr, 91,331-336. 
f9] Enrlquez, .t.A,, L6pcz-P,~rez, M.J, and Montoya, J (1991) FEBS 
Lett, 280, 32-36, 
Attardi, G, and Montoya0 .L0983) in: Biomembranes (S.Fleis- 
cher and B. Fleischer, Eds.) Methods in Enzymology, Vol.97, 
Academic Press, New York, pp. 43.~--469, 
Fem:indez-Silva, P,, Enriquez, J.A, and Montoya. J, (1992) Bio- 
techniques, in press. 
Waddel. W,J, (1956) J, Lab. Clin. Med, 48, 311-314. 
Amalrie, F., Merkel, C, Gelfand, R, and Attardi, G. (1978) J, 
Mol. Biol, 118, 1-25. 
Montoya, J,, Gaines, G,L. and Attardi, G. 0983) Cell 34, 151- 
159. 
Corbat6n, V., FernAndez-Sib.a, P., L6pez-P~rez, M J. and Mon- 
toya, J. 0990) Neurochem. Res 15, 711-717. 
Gaines, G, and Attardi, G, (1984) Mol. Cell. Biol. 4° 1605-1617. 
Attardi, G., Doers~no C., Gaines, G,, King, M,, Montoya, J., 
Guerrier-Takada0 C, and Ahman, S, (1985) in: Achievements and 
Perspectives of Mitochondrial Research (E. Qaagliariello, E,C, 
Slat~r, F. Pairnieri, C. Sa¢cone and A,M, Kroon, Eds,) Vol, ll, 
EIs0vier, Amsterdam, pp. 145-163, 
[lOl 
[ill 
[121 
Cl4] 
[151 
[161 
[17] 
288 
